It is noted that in the heterobidentate ligands, nonchelating to Pt, where there is an O-donor and a C-, N-or S-donor, the O-site is coordinated to the heteroatom while the other site is coordinated to the Pt atom. However, when the heterobidentate has N plus C or C plus P donor sites, chelating to the Pt atom does occur. Chelation to Pt also occurs in similar circumstances with heterotridentate, heterotetradentate and heteropentadentate ligands. [66] In the examples with chelating ligands, electronic and steric factors both play a role in the resultant geometry and is reflected in the L-Pt-L ring angles of the respective metallocycles. The mean L-Pt-L angle for the 3-membered rings opens in the order: 39.5° (C,C) < 43.3° (C,B) < 48.3° (B,B) < 48.5° (C,S) . This reflects the radii of the donor atoms. For the 4-membered rings the order is: 68° (CCP) < 73.6° (SCS). In the 5-membered rings the order is: 75.7° (NC=CN) < 80.5° (NC 2 N) < 86.5° (PC 2 P). Some complexes containing Pt-Ge bonds generate 4-, 5-and 6-membered rings with values: 64.7° (PtCOGe) < 66.0° (PtNCGe); 76.5° (PtNC 2 Ge) < 82.3° (PtSNOGe); and 77.0° (PtOCNOGe) .
A summary of the Pt-M distances for the heterobinuclear complexes with non-transition metals is given in Table 1A . There are a variety of structural forms with metal-metal bonds and with no direct Pt-M contact.
The heterometals show a variety of stereochemistry with coordination numbers varying from one (Tl), two (Hg, Tl Sb), three (G+e, Hg, In, Sb) , four (Ge, Sb, Sn, Pb, Hg, Zn), five (Cd, Tl, Pb), six (Sn, Tl, Zn, Ca, Hg, Na, K), and eight (Pb).
There are four complexes [26, 35, 50, 63] which contain two crystallographically independent molecules differing mostly by degree of distortion of the M-L distances and L-M-L angles. These represent examples of distortion isomerism [76] .
There are also examples containing, within the same crystal, a hetero binuclear plus an M monomer [26, 39] ; a hetero dimer plus an M dimer [64] together with examples of polymerisation isomerism.
Compounds with transition metal

M = Cu, Ag or Au
The data for platinum complexes with these metals are listed in Table 2 . There are six derivatives with copper [40, 77, 83] , ten with silver [79, [80] [81] [82] 84, 86, 87, 89] and five with gold [40, 78, 85, 88, 90] . The structures are referenced in order of increasing Pt-M bond length.
In four green Pt Two pale yellow PtAg binuclear with metal bond distances of 278.2 (1) [84] and 279.6(2) pm [86] are additionally bridged by a single Cl atom with Pt-Cl-Ag bridge angles of 67.24(6)° and 71.0(1)°, respectively.
The structure of yellow Pt-Ag binuclear [87] is shown in Fig. 4 . The Pt atom exhibits a distorted square pyramidal geometry, with Pt, C and P atoms of the C/P ligand and both S atoms of the S 2 CNMe 2 ligand located in the basal plane. The Ag atom of the [Ag(PPh 3 )] + fragment is in the apical position. The angle between the Pt-Ag vector (Pt-Ag = 287.5(1) pm) and the perpendicular to the basal plane is 29.5°. The Pt and Ag fragments (Pt(mppm)(S 2 CNMe 2 )) and (Ag(PPh 3 )) share one S atom of the distorted dithiocarbamate group, leading to a very acute Pt-S(1)-Ag angle of 70.6(1)°.
The complex [(PhC≡C) 2 Pt(μ-η 2 -dppm) 2 Au] + cation consists of a square planar P-Pt-(C≡Ph) 2 -P unit and a linear P-Au-P moiety with intramolecular Pt-Au distance of 291.0(1) pm [88] . In another Pt-Au binuclear [90] the 7,8-Me 2 -nido-CB 9 H 9 cage is bonded to both metal atoms via the open pentagonal CCBBB face, with Pt-Au distance of 300.0(1) pm.
The data in Table 2 shows the mean Pt-M bond distance to increase in the order: 258.3 pm (range 250. 1(2) [77] to 276.5(3) pm [83] )for M = Cu < 274.8 pm (range 263.7(1) [79] to 294.5(1) pm [89] ) for M = Ag < 278.6 pm (range 261.12(7) [40] to 300.0(1) pm [90] ) for M = Au.
Ti, V, Ta, Cr, Mo and W
The data for these compounds are listed in Table 3 , with structures listed in order of increase in length of the Pt-M bond. In two cases of composition (η 4 CrCl] [91] has two crystallographically independent molecules with Pt-Cr bond distances of 249.5(2) and 249.9(2) pm. These are the shortest Pt-M bonds in this series. The two independent molecules are combined to form a pair through two intermolecular Pt ... S interactions at an average distance of 310 pm. In yellow [Pt(μ-η 2 -4-mpyt) 4 Cr(OH)] the Pt-Cr bond distance is 250.9(3) pm. A longer Pt-V bond distance of 260.4(7) pm is found in the [Pt(μ-η 2 -4-mpyt) 4 VO] analogue [91] . In two orange PtW derivatives [92, 93] two CO groups serve as bridges between the two metal atoms. The Pt-W bond distances are the same at 260.2(1) pm and the mean Pt-C-W of 76.0°.
There are several examples in which a CL ligand (commonly μ-CC 6 H 4 Me-4 or derivatives) acts as a bridge, PtCr [94] , 105, 116, 118, 123] and PtTa [132] , with a mean Pt-C-M bridge angle of 80.8°. The Pt-Cr bond distance of 264.6(7) pm [94] is shorter than the Pt-W values which range from 275.1 (1) [99] to 286.1 (1) pm [123] . The Pt-Ta bond distance is not available [132] .
In a Pt/W derivative [95] with dihydro bridges the Pt-W bond length is 266.3(1) pm. In another four derivatives [96, 98] the Pt-W bonds (272.0(1), 272.8(1) twice and 273.8(1) pm) are spanned by the p-tolylmethylidene [96] or 2,6-dimethyltolylmethylidyne [98] group and by a C 2 B 9 fragment. The latter is coordinated to the W atom via the open pentagonal face of the nido-icosahedral cage, and bridges to the Pt atom through an exopolyhedral B-Pt σ-bond (average 212 pm).
Another six derivatives have Pt-W [97, 104, 109, 110, 125] or bonds. The Pt-W distances range from 272.0(1) [97] to 287.1 (1) pm [125] , and the Pt-Mo bond distance is 280.6(2) pm. The Pt-M bonds are also spanned by a CO group and p-tolylmethylidene [97, 104, 109, 110] , H 2 C=CCO 2 Me [111] or HCNEt 2 [125] , with mean Pt-C-M bridge angle of 81.5°.
There are two orange-red Pt/Ti derivatives [106] in which Pt-Ti bonds (277.6(1) and 296.2(2) pm) are spanned by μ-CH 2 and μ-CH 3 groups with a mean Pt-C-Ti bridge angle of 75.6° and 86.6°, respectively. A brown Pt/Cr derivative [117] has a Pt-Cr bond length of 282.0(1) pm and is spanned by a CO group and a PPh 2 group with Pt-P-Cr bridge angle of 75.93(6)°. The Pt-C-Cr bond angle is not given. Two yellow Pt/W [102] and one Pt/Mo derivative [103] have Pt-M bonds of 276.4(1) and 279.5(1) pm [102] and 276.6(1) pm [103] , spanned by two PPh 2 groups with mean Pt-P-M bridge angle of 71.4°.
Two sulphur atoms span the Pt-W bonds in a purple [107] and two yellow [124, 131] species. As the Pt-W bond length increase the Pt-S-W angle opens: 277.92(6) pm and 75.3° < 286.22 pm and 77.2° < 294 pm and 79.6°.
There are two red Pt/Ti derivatives [108, 119] in which the Pt-Ti bond is spanned by two C=CBu t ligands. The mean Pt-C-Ti bridge angels open with increasing Pt-Ti distance; 80.8° and 278.9(3) pm [108] < 83.2° and 283.1(2) pm [119] .
In a yellow Pt/W derivative [112] the Pt-W bond (281.0(1) pm is spanned by a μ-PPh 2 ligand with the Pt-P-W bridge angle of 74.9°. Two orange Pt/W derivatives [113, 115] with Pt-W bonds of 281.0(2) and 281.8(3) pm, respectively, are spanned by μ-inst-C and μ-η 2 -dppm-P,P' [113] or μ-C(OMe)C 6 H 4 Me-4 and μ-η 2 -dppm-P,P' [115] ligands. The Pt-C-W bridge angles are 82.2(4)° [113] and 77.3(9)° [115] .
The structure of a red Pt/Mo derivative is shown in Fig. 5 . The Pt-Mo bond of 281.4(1)° is spanned by the nido-C 2 B 10 H 10 Me 2 cage such that the latter is η 6 -coordinated via a three-centre, two electron, B(5)H to Pt bond. The H atom involved is β to the carbons in the CBCBB face of the cage ligated to the Mo atom. In another red Pt/Mo derivative [122] the Pt-Mo bond of 284.5 (1) pm is spanned by a CO and a μ-η 2 -Ph 2 Ppy-P 1 N ligand. In a yellow derivative, a hydrido bridge and a p-tolylmethylidene bridge span the Pt-W bond of 289.5(1) pm, with Pt-X-W bridge angles of 111° (X = H) and 83.0(3)° (X = C) [126] .
Two μ-η 2 -dppm-P,P' ligands span Pt-M bonds in the red derivatives with a Pt-M bond length of 290.2(2) pm (M = W) [127] 
Ref.
C. E. Sn 256.7(4) N,N 77.0(10) c C,C 88.1(14) N,C 97.5(9) I,Sn 179.6(1) C,C 107.9(18,2) C,Pt 110.9(17,5.9) N,N 74.7(11) c C,C 93.6(14) N, C 95.8(9) I,Sn 176.9(1) C,C 110.5(17,1.4) C,Pt 108.5(8,7) C,C 118.1(32,7.5) C,I 95.0(24,5.2) 234.8(6) ηC 201.0(7,1) Cl 241.0(2) Cl 211.4(9) 237.6(3,1) Sn 254. 89(5) N,N 97.5(2) C,C 88.8(2) N,C 80.9(3,1.6) c 86.6, 176.8(3) N, Cl 94.76(18, 3.4) C, Cl 88.8, 172.6(2) Cl, Cl 100.4(3, 3.6) Cl, Pt 117.4(3, 7.6) 
Crystallographic and structural characterisation of heterometallic platinum compounds: Part I. Heterobinuclear Pt compounds. Cl, Cl 98(1, 6) Cl, Pt 118.7(8, 3 .6) P,P 87.0(2) P, Cl 90.6(3) 176.9(3) P, Sn 97.3(1) 173.5(1) Cl,Sn 85.2(3) Cl, Cl 96.7(3, 3.4) Cl, Pt 120.3(2, 2.8) C 92.3(3,9) 176.4(4,1) N, Sn 95.9(2, 5) 179.3(2) C,Sn 87.7(3,6) C,C 104.7(7,4) C,Pt 113.9 (4,1. 
Crystallographic and structural characterisation of heterometallic platinum compounds: Part I. Heterobinuclear Pt compounds. 
Ref. 
[ MeNH In a Pt/Ta derivative [132] two μ-CH 2 groups serve as bridges between the metal atoms. Unfortunately the relevant structural data is not available.
The data in Table 3 cover more than fifty Pt/M derivatives with six different transition metals of which W is the most abundant at 34 examples, with 8 Mo derivatives, 6 Cr, 3 Ti, and 2 each for V and Ta. These come in four crystal classes; monoclinic (32), triclinic (9) orthorhombic (7) and tetragonal (2 examples).
The shortest Pt-M bond is 249.5(2) pm for M = Cr [91] . The bond lengths follow the order: 260.4 (7) 
[91] < 264.6 pm (range 249. (1) and 30% each of molecules (2) and (3). The molecules (2) and (3) are disordered. 
[Pt(μ-η 2 -4-mpyt) 4 CrCl] c (orange red) 
[ (1) 156.4(1) B,W 51.9(4) C, C 78.9(6,6) 103.1(6) C,Pt 76. 4(4,3) 139.8(5) P,P 101.9 (1) C 88.4(7,6) 113.4(6) C,Pt 58.1 (4, 6) 102.5(5) 
Removal of reactive dye brilliant red HE-3B from aqueous solutions by hydrolyzed polyacrylonitrile fibres: equilibrium and kinetics modelling
Mn and Re
The data for red, orange and yellow derivatives with Mn or Re are gathered in 
(MeBu
Crystallographic and structural characterisation of heterometallic platinum compounds: Part I. Heterobinuclear Pt compounds.
by μ-H and μ-CO ligands with Pt-C-Mn bridge angle of 84 (1) o , the hydrido bridge angle is not given. In three yellow Pt/Re derivatives the Pt-Re bonds, 281.8 (1) The structure of an orthorhombic Pt/Re compound is shown in Fig. 6 . The Pt-Re bond of 285.9(4) pm is spanned by two μ-η 2 -dppm-P,P bridges to give an eight membered ReP 4 
carbonyl group has a strong interaction with the Pt atom (Pt-C = 220.8(17) pm).
The data in Table 4 shows the shortest Pt-Re bond is 260.3(1) pm [133] , while the mean Pt-Re bond length of 265.3 pm ranges from this value to 272.8(6) pm [139] . This is about 15.1 pm shorter than the mean Pt-Mn value of 280.4 (range 264.3(1) [143] to 289.88(5) pm [149] . The mean Pt-X-M bridge angle opens with decreasing covalent radius of the bridging atom X in the order: 58.2° (I, 133 pm) < 77.0° (P, 102 pm) < 83.1° (C, 77 pm) .
There are three types of crystal class, monoclinic, triclinic and orthorhombic, with the former being most common with 13 examples. The derivative (Me 3 P)Pt(μ-ocp)Mn(CO) 4 
Fe and Ru
Forty eight coloured PtM derivatives of this type, 41 with M = Fe and 7 with M = Ru, are listed in Table 5 . Several types of bridge are seen spanning the Pt-M bond. The most common of these, with fourteen examples [150] [151] [152] 154, 155, 157, 160, 163] (1) and 271.8(1) pm [168] .
There are two yellow Pt-Fe derivatives [158, 159] with similar structures, of which one is shown in Fig. 7 . The four membered Fe-Si-O-Pt rings and five membered Fe-P-C-P-Pt ring are almost coplanar. The Pt-Fe bond distance of 258.18 (8) Crystallographic and structural characterisation of heterometallic platinum compounds: Part I. Heterobinuclear Pt compounds. 
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(Ph 3 P)(H)Pt(μ-η 2 -dppa).
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Continued
In three yellow derivatives a Pt-Ru bond, 274.8 ( The date in Table 5 indicates the shortest Pt-Fe bond to be 250.62(9) pm [150] , with a range up to 293.5(2) pm [180] and a mean value of 272.4 pm. The mean Pt-X-M bridge angle opens with decreasing covalent radius of the X atom in the sequence: 57.1° (I, 133 pm) < 73.5° (P, 106 pm) < 80° (C, 77 pm).
Co, Rh, Ir, Ni and Pd
There are over fifty coloured PtM derivatives with these heterometals listed in Table 6 . The structures are referenced in order of increasing Pt-M bond length, and are complex with several types of bridges spanning the Pt-M bonds.
In thirteen derivatives the Pt-M bonds are spanned by a pair of almost parallel μ-η 
In two PtNi [185, 186] and one PtCo [185] case the Pt-M bonds 253.7 pm (av.) and 257.3(2) pm) are spanned by four 4-methyl-pyridine-2-thiolate ligands to form four five membered bimetallic rings (Pt-S-C-N-M), with all of them having a common Pt-M linkage.
The Pt-M bond in red PtNi complex (258.92 (9) There are fourteen examples in which the Pt-M bond is spanned by two single atoms: Pt-Pd (265.71(9) pm) by (μ-PPh 2 ) 2 [194] ; av.) [205, 206, 211] ; Pt-Ir (274.84(2) pm) by μ-H and μCL); Pt-Ir (268.6 pm, av.) by (μ-H) 2 [197] [198] [199] ; ; and 294.5(3) pm) by μ-H and μ-SiL [217]; Pt-Co (296.7(2) pm) by a pair of μ-OH groups [219] .
There are six examples in which the respective Pt and M fragments are together only by the Pt-M bond; av.) [192, 193, 196, 209] and Pt-Rh (275.0(1) pm) [208] .
In the yellow PtPd derivative [195] the Ph 3 Pt and PdPh 3 fragments are spanned by a μ-Br and μ-η 2 -allyl group, with Pt-Br-Pd bond angle of 63.64(4)° and Pt-Pd bond length of 267.5(1) pm.
The structure of an orange PtRh derivative [203] is shown in Fig. 8 . It contains a well separated dipositive cation and two BF 4 -anions, and a methylene chloride and a diethyl ether solvate molecule in the asymmetric unit. The Pt-Rh bond of 270.8(1) pm is spanned by one pnp and one PPh 2 ligand, such that the geometry around the Pt atom is four coodinate, approximately planar (PtP 3 Rh) while the geometry around the Rh atom is distorted octahedral (RhP 3 N 2 Pt). In the latter, the P atoms are arranged cis and occupy one trigonal face. Both pyridyl groups are part of the five membered PN chelate rings with the Rh atom, and the angles deviate from the ideal value of 90° because the ring bite angles (P5-Rh-N1, 79.4(3)°, and P4-Rh-N2, 79.4(3)°) are constrained. The most significant distortion from octahedral geometry about the Rh atom results from the symmetrically bridging PPh 2 group. The Pt-Rh-P2 angle is small (53.8 (1) -anion with a methylene chloride solvate molecule. The structure of this complex is shown in Fig. 9 . The cation is bent with the dithiolate unit acting as a bridging ligand between the metal atoms, creating a doubled five membered metallocyclic ring (Pt-S-CH 2 -CH 2 -S/Rh-S-CH 2 -CH 2 -S) with mean Pt-SRh bridge angles of 77.9 o . The Pt-Rh bond distance of 298.26(9) pm is the longest in this series.
A summary of all of the Pt-M bond distances where M is a transition is given in Table 7 .
The mean Pt-X-M bridge angle opens with decreasing covalent radii of the X atom in the sequence: 63.6° (Br, 114 pm) < 72.2° (P, 106 pm) < 77.9° (S, 102 pm) < 84.6° (C, 77 
Compounds with actinides
There are no examples with lanthanide metals and only one example with an actinide metal which has a Pt-M distance of less than 300 pm. The one example is a PtTh derivative, the red-brown (Me 3 P)Pt(μ-PPh 2 ) 2 Th(5-cp * ) 2 [221] . The structure of this complex is shown in Fig. 10 
[ 
[(Ph 3 P)Pt(μ-PPh 2 )(μ-η 2 :η 1 -pmp 
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Cu(x6), Ag(x10), Au(x5), Ti(x3), V(x1), Ta(x2), Cr(x6), Mo(x8), W(x34), Fe(x41), Ru(x7), Co(x7), Rh(x17), Ir(x10), Ni(x4) and Pd(x15). In addition there is one example for the actinides, thorium.
The coordination environments around the platinum atoms (Pt(0), Pt(II) and Pt(IV)) are square planar, trigonal bipyramidal and pseudo-octahedral (Pt(IV)), of which the first two are most common, The most important is square planar with differing degrees of distortion. There are uni-, bi-, tri-, tetra-, penta-and hexadentate ligands. The most common donor atoms are P and C. The mean Pt-P bond lengths increase in the sequences: 226.2 pm (PMe 3 ) < 226.3 pm (PMe 2 Ph) < 226.6 pm (PEt 3 ) < 226.8 pm (PPh 3 ); for Pt-P trans to C: 231.8 pm (PMe 3 ) < 232.4 pm (PEt 3 ) < 232.6 pm (PPh 3 ); for Pt-P trans to H: 234.1 pm (PPh 3 ) < 235.5 (PtPPh 3 ). The first two sequences follow the steric effects of the respective ligands.
The mean Pt-C distances increase in the orders: 187.5 pm (CO) < 196.5 pm (CNL); 201 pm (uni-, including CO, CNL and CL) < 206 pm (bi-) < 219 pm (tri-) < 226 pm (tetradentate). The mean Pt-L bond distance for unidentate atoms or ligands increases with the covalent radius of the donor atom, except N, Cl and Si, in the order: 158 pm (H, 37 pm) < 201 pm (CL, 77 pm) < 205 pm (NL, 75 pm) < 229.0 pm (PL, 106 pm) < 232.0 pm (SiL, 117 pm) < 234.6 pm (SL, 102 pm) < 236.0 pm (Cl, 99 pm) < 260.7 pm (Br, 114 pm) < 266.0 pm (I, 133 pm). For homo-bidentate (non-chelating to Pt) ligands, the mean Pt-L distance increases in the order: 203 pm (NL) < 205 pm (CL) < 226.3 pm (PL) < 233.2 pm (Pl, trans to C) < 238.7 pm (SL). For homo-bidentate (chelating to Pt) ligands, the order is 206 pm (CL) < 222 pm (OL) < 224.8 pm (PL) < 233.2 pm (PL, trans to C).
In the series of hetero-bidentate ligands there are two types, one donor not chelating to the Pt atom, for example O + N (av. Pt-N 204 pm); O + Si (Pt-O, 213 pm); N + S (av. Pt-S, 232.0 pm), and P + As (av. Pt-P, 229.2 pm). The other type both donors are chelating to the Pt atom, for example O + P (Pt-O, 211 pm; Pt-P, 224 pm); N + P (av. Pt-N, 212.5 pm; Pt-P, 221.5 pm); P + C (Pt-C, 206 pm; Pt-P, 224.0 pm).
The mean Pt-L(bridge) bond distances increase in the order: 185 pm (H) < 197.5 pm (CNL) < 202.4 pm (OH) < 206 pm (CL) < 218 pm (CO) < 220.5 pm (BL) < 224.5 (SL) < 232.5 pm (SiL) < 233.7 pm (Cl) < 241 pm (CH 3 ) < 253.7 pm (Br) < 266.3 pm (I).
In the examples with chelating ligands electronic and steric factors play a role in the resulting geometry and are reflected in the variation of the L-Pt-L ring angles of the respective metallocyclic rings. The mean L-Pt-L angle in the three membered rings opens in the order: 37.0° (CC) < 47.7° (BB) < 50.8° (NP), reflecting the radius of the donor atom. In the four membered metallocyclic rings the angle opens in the order: 73.7° (PCP) < 74.0° (SCS), and in the five membered rings the order is 73.0°(PC 2 P < 84.4° (OC 2 P) < 85.0° (CC 2 P).
The Pt-X-M bridge angle opens as the covalent radius of X decreases, except for B and Si atoms, in the order: 57.8° (I, 133 pm) < 63.6° (Br, 114 pm) < 70.9° (Cl, 99 pm) < 73.6° (P, 106 pm) < 76.2° (S, 102 pm) < 77.4° (B, 82 pm) < 77.5° (Si, 117 pm) < 81.7° (C, 77 pm) , 97.7° (O, 73 pm) < 106.5°(H, 37 pm).
A summary of the Pt-M bond distances (M = transition metal and Th) are summarized in Table 7 . These metals allow a variety of structural forms and stabilize the metal-metal bonds. The shortest Pt-M bond distance is Pt-Cr at 249.5(2) pm [91] . The most frequently occurring transition metals are iron (41 examples) and tungsten (34 examples).
The transition metals show a wide variety of stereochemistry with the following coordination numbers: two, Ag [83, 84] and Au [40, 78, [88] [89] [90] ; three, Ag [81, 82, [85] [86] [87] ; four, Cu [77] and Pd [181-184, 188, 191-195, 212] ; five, Cu [77, 83] , W [124, 131] , Co [193, 196, 209] , Rh [190, 210, 220] , Ni [189, 201] and Pd ; six, 
Conclusions
Almost two hundred and ninety heterobinuclear Pt derivatives are reported here. Where M is a non-transition metal the binuclear are found both with and without a metal-metal bond. Where M is a transition or actinide metal only those with a metal-metal bond have been included here. The heterometal atoms include thirteen non-transition metals: Sn (30) > Hg (18) > Ge (14) > Sb (6) > Tl (5), Zn (5) > Pb (3) > Cd (2) > Na, K, Ga, and In (1 each). There are also eighteen transition metals involved: Fe (41), W (34), Rh (17), Re and Pd (16 each), Ag and Ir (10 each), Mo and Mn (8 each), Ru and Co (7 each), Cu and Cr (6 each, Au (5), Ni (4), Ti (3), Ta (2) and V(1). Also there is one example of an actinide, thorium.
The Pt atom has oxidation number of 0, +2 and +4. The Pt coordination geometries include square planar, trigonal bipyramidal, pseudo-octahedral (Pt(IV)) and a few prevalently capped trigonal prismatic seven coordinate species. The first two geometries are the most common, with varying degrees of distorted square planar being most important.
There are four types of crystal class, monoclinic (57.4% with P2 1 /n predominating), triclinic (29.4%, P = 1), orthorhombic (12.6%) and tetragonal (0.6%).
The complex (Me 3 P) 2 Pt(μ-ocp)Mn(CO) 4 exists in two isomeric forms, yellow triclinic and red monoclinic [137] , differing mostly by degree of distortion. There are several examples [26, 35, 50, 63, 91, 97, 137, 186, 188] which contain two crystallographically independent molecules, differing by degree of distortion, in the same crystal. These are all examples of distortion isomerism [76] .
There are three examples [26, 39, 182] which contain within the same crystal a heterobinuclear and a monomer, and another with a heterobinuclear and a homobinuclear [64] and are examples of polymerisation isomerism.
The shortest Pt-M bond distances are: Pt-Ge 235.2(1) pm [7] for the non-transition derivatives; Pt-Cr 249.5(2) pm [91] for transition derivatives. The only actinide derivative has a Pt-Th distance of 298.4(1) pm [221] .
It is hoped that this overview will serve to focus attention on areas of Pt chemistry that could be enhanced by further study, and assist in comparing the behaviour of the Pt atom in a variety of chemical environments. A review of the Pt-M(transition metal) derivatives without a metal metal bond is currently in progress. VEGA 1/0353/08 for financial support. 
